tions.
The minerals (Na 2 SO 4 , CaCl 2 , MgCl 2 , NaCl and KCl) were used at the concentrations of 0.025, 0.05, 0.1, 0.2 and 0.4 (%, wt/vol).
Biomass and Lipid Content Determination
Fungal mycelia harvested by filtration were washed three times with 50 ml distilled water, and dried at 30 in a vacuum oven for 5 h. The dried mycelia were weighed (moisture content of biomass being determined). Then the cell mass was subjected to solvent extraction in a Soxhlet apparatus with chloroform : methanol (1:1, vol/vol). After extraction the solvent was removed under a stream of nitrogen, the extract was dried under vacuum and then weighed to determine the lipid content (16) .
3 Fatty Acid Analysis
The fatty acids in the lipids were methylated (18) and the composition was then determined by gas-liquid chromatography (GLC) of their methyl esters. Data are averages of three determinations.
The isolated fungal lipid was mainly a mixture of phospholipids and triglycerides, which was confirmed on a TLC plate (Silica gel-G; solvent system, hexane:diethyl ether(7:3, vol/vol) using phosphate staining. The phospholipids and triglycerides were separated on a preparative TLC plate (20 cm 20 cm) with the above solvent system, and the two fractions were extracted with diethyl ether. 
Results and Discussion

1 Effect of Mineral Addition on Biomass Yield
2 Effect of Mineral Addition on Lipid
Content The effect of mineral addition on lipid composition was investigated. A maximum lipid content in the fungus, when the minerals were considered individually, was obtained at 0.20% Na 2 SO 4 , 0.025% CaCl 2 , 0.025% MgCl 2 , 0.05% NaCl and 0.40% KCl when added to the basal medium. Upon addition of 0.20% Na 2 SO 4 to the basal potato-dextrose-yeast medium, the lipid content produced by Rhizopus nigricans increased to 27.30% (Table 3) . This was not significantly higher than that attained by cultivation in the basal medium (25.70%, Effects of Mineral Addition on Production 3 3 Effect of Mineral Addition on GLA Yield Minerals affected significantly GLA synthesis by R. nigricans. The GLA content in lipid was highest at 0.20% Na 2 SO 4 , 0.025% CaCl 2 , 0.025% MgCl 2 , 0.05% NaCl and 0.40% KCl. The GLA production of the fungus for the individual minerals was the best (among the several concentrations of the minerals) at the mineral concentrations of 0.20% Na 2 SO 4 , 0.025% CaCl 2 , 0.025% MgCl 2 , 0.05% NaCl and 0.40% KCl. When the strain was cultivated in potato-dextrose-yeast medium containing 0.4% KCl, the GLA content in the oil was 32.8% (Table 4 ) and GLA production reached 2.52 g/L-culture medium ( Table 5) . Berkley (19) studied a medium, in which low Mg was desirable for arachidonic acid (AA) production; the effect of addition of phosphorous on AA production has been studied by some groups (20) (21) (22) . K. Higashiyana et al. (17) reported the effect of addition of minerals, such as Na, K, Ca and Mg on arachidonic acid (AA) production by Mortierella alpina IS-4. He observed that 1.5% soy flour medium with the addition of 0.3% KH 2 PO 4 , 0.1% Na 2 SO 4 , 0.05% CaCl 2 . 6H 2 O and 0.05 % MgCl 2 . 6H 2 O enhanced the AA yield 1.7-fold over that without mineral addition. Hansson et al. (23) added Na, Ca, Mg and P to medium for GLA production.
Thus, comparing the results obtained by the addition of minerals at their various concentrations it was observed that 0.40% KCl as an additive to the potatodextrose-yeast medium was most effective for enhancing GLA yield. The degree of GLA production was almost 1.5 fold in comparison to the basal medium alone and these enhancement can be considered to be highly significant.
Individually some electrolytes are very effective in augmenting biomass, lipid content and GLA yield. But when the electrolytes were mixed together at the optimum concentration levels (0.20% Na 2 SO 4 , 0.025% CaCl 2 , 0.025% MgCl 2 , 0.40% NaCl and 0.40% KCl) the effects appeared to be quite adverse in terms of GLA yield particularly and also with respect to biomass and lipid content ( Table 6 ). The mineral mixture of 0.40% KCl that caused highest cell growth, GLA concentration and GLA yield and 0.20% Na 2 caused maximum lipid concentration also lowered the GLA productivity of R. nigricans (Table 6 ) as compared to the results obtained for basal medium alone. The possible explanation may be that an excess electrolyte concentration, when added in the form of mineral mixture inhibited the microbial growth and consequent lipid production and GLA yield.
4 Effect of Mineral Addition on Lipid Composition
Under conditions of basal medium without mineral addition, about 75% of the extracted mycelial oil was composed of neutral lipids and the rest were polar lipids. Upon addition of the minerals to the basal medium, both as a mixture and individually, the lipid composition was the same ( Table 7) . The major components of the neutral and polar lipids were triacylglycerols and phospholipids.
Conclusion
Lipid with considerably high GLA yield is possible with the fungus Rhizopus nigricans SSSD-8 when grown in a Potato-dextrose-yeast culture medium con- Effects of Mineral Addition on Production taining 0.40% KCl. This increased production of GLA will be highly beneficial for the dietary, pharmaceutical and medicinal fields.
